The Mural-Caloso Shelf in Sonora, Mexico is one of only a limited number of outcrops that provide continuous shelf-to-basin profiles of reef-rimmed carbonate platforms with well-defined lowstand deposits and documentable downward shifts in coastal onlap. This paper examines the shelf-to-basin transition across three thirdorder sequences at the Cerro Caloso outcrop. Four parameters: reef framestone lateral and vertical dimensions, fore-reef slope lateral and vertical dimensions, evolution of platform interior facies, and presence or absence of lowstand systems tract siliciclastic wedges with or without mixed oolitic grainstone were used as the basis for the characterization of the shelf to basin profile evolution. The lower two sequences (S3 and S4) are mostly aggradational with broad coral-rudist reef rimmed margins and thick platform interiors dominated by carbonate facies. The uppermost sequence (S5) is progradational and downstepping with a narrow coralrudist reef rimmed margin and a thin siliciclastic-rich platform interior. A lowstand wedge of fine-medium grained sandstone and cross-bedded oolitic grainstones that onlaps the S4 coralrudist margin documents downstepping and a minimum of 20 m of downward shift in coastal onlap. The lower sequence wedge is relatively thin compared to the thickness of the S5 wedge. The long-term progradation and increased clastic component observed in the latter stages of shelf evolution indicate a large second order relative sea level fall during the deposition of the Lower Albian age Mural-Caloso Shelf. The continuous outcrop provides a good reference model for facies patterns and stratigraphic architecture for the time equivalent Cretaceous platforms that develop similar geometries such as the Shuiba shelf in the Middle East.
INTRODUCTION
The Mural Limestone extends from southeastern Arizona into northeastern Mexico and is an extension of the Comanche Shelf; a broad carbonate platform that rimmed the northwest Gulf of Mexico during Albian time (Scott and Warzeski, 1993) (Figure 1 ). The MuralCaloso Shelf is one of only a limited number of outcrops that provide continuous shelf-to-basin profiles of reef rimmed carbonate shelves during Cretaceous Greenhouse settings in the northern Gulf of Mexico region. During the Lower Cretaceous, several low angle shelves developed during the 2nd order highstand (Yurewicz et al, 1993; Scott, 1993) . The continuous exposure of the Mural Shelf allows detailed investigation of similar shelf architecture, especially the nature of the shelf-to-basin transition in terms of its lateral facies distribution and extent, slope angles and margin trajectory, and response of the platform margin to siliciclastic input across the shelf into the Chihuahua Trough.
The principal objective of this study was to establish a modern sequence stratigraphic framework by outlining the facies transitions and stratal geometries associated with third-order sequences proximal to the platform margin for the upper portion of the Lower Albian age Mural-Caloso Shelf system. Furthermore the data and analysis of facies transitions and stratal geometries associated with third order sequences on the Caloso Shelf margin may be used for subsurface geometric and facies comparisons with similar Aptian/Albian-age reservoirs including examples from the Shuiba Formation in Abu Dhabi (Yose et al, 2006; van Buchem et al, 2010) .
PREVIOUS WORK
Lower Cretaceous formations in Arizona were first studied by Dumble (1900) and Ransome (1904) . The equivalent rocks in Sonora, Mexico were subsequently examined by Dumble (1902) . The Mesozoic structures of the region were described by Taliferro (1933 ), Gilluly (1956 ), Viveros (1965 ), and Hayes (1970 . Scott (1979) studied the lower Cretaceous patch -reef developments on the shelf interior in Arizona. Warzeski (1983) provided the most extensive study on the upper Aptian to Albian outcrops in both southern Arizona and Northern Mexico. He collected detailed measured sections for the Montes Canova and Cerro Caloso ranges in northern Sonora as well as for the Grassy Hill-Paul Spur area in southeastern Arizona (Figure 1) . Warzeski (1983) described seven depositional facies and measured seven vertical sections at the Cerro Caloso outcrop (Figure 2 ). Scott and Warzeski (1993) later developed a regional depositional model for the Mural Shelf that serves as the basis for the present study. The most recent work of Gonzalez (2004), and Gonzalez and Scott (2008) have focused on improving the stratigraphy of the Mural Shelf mostly in Arizona.
REGIONAL SETTING
The Mural Limestone that crops out in northeastern Sonora and southern Arizona was deposited on a broad carbonate shelf with land to the north and west (Warzeski, 1983) . During Early-Middle Cretaceous time northeastern Sonora was at the northern edge of the Chihuahua Trough which curved east and southeast through the modern Mexican states of Chihuahua and Durango to join the ancestral Gulf of Mexico (Cordoba et al, 1970; Rangin and Cordoba, 1976) . The Mural Limestone is one of the four formations that comprise the Bisbee Group.
The oldest formation of the Bisbee Group is the Glance Conglomerate which is overlain by the Morita Formation, Mural Limestone, and Cintura Formation respectively (Figure 2 ). The age of the Bisbee Group extends from the lower Aptian through the Albian. It is time-equivalent to the Trinity and Fredericksburg Groups of the Comanche series in Texas (Hayes, 1970) and corresponds to the Albian sequences 6-8 of Loucks and Kerans (2003) . Regional northwest-southeast thrust faults strike in the direction of Mural Limestone depositional dip to expose large thicknesses of the Mural-Caloso Shelf (Scott and Warzeski, 1993) .
DATA AND METHODS
Three vertical sections were measured and tied to aerial photopans in order to link stratal geometries observed on photopans and in the field with small-scale facies variability. Ten facies were identified that describe depositional environments ranging from low-energy shelf interior, through reef core, fore reef, and deeperwater slope/basin. Facies tract dimensions are quantified using the measured sections, lateral tracing of units, and qualitative assessment of bedding patterns on aerial photopans.
FACIES AND DEPOSITIONAL MODEL
The ten depositional facies identified at the Cerro Caloso outcrop are detailed in Table 1 . Figure 3 shows the vertical facies organization along section 1-1 located at the shelf margin. Based on the vertical and lateral facies transitions mapped on the outcrop we developed a conceptual depositional model the 3 sequences observed in the outcrop (Figure 4 ).
SEqUENCE DEFINITION
Vertical stacking patterns, stratal geometries, and changes in dip-parallel facies tract dimensions were used to define the depositional sequences and the progradational versus aggradational long term evolution of the Mural-Caloso Shelf. Sequence boundaries are placed at the base of basin-restricted sand wedges that onlap the slope and shelf margin. The turnaround from increasing to decreasing accommodation corresponds to the furthest landward position of the lowest energy facies (Figures 4 and 5) (Cantuneanu et al. 2009 ). Only sequences 3-5 were detailed in this study. Sequences 1-3 in the Bisbee/Paul Spur area were recently studied in detail by Aisner (2010).
SEqUENCES: S3 AND S4
The thin LST of S4 consists of a sandstone (F10) wedge that onlaps the S3 outer shelf facies (F1-4). Following established sequence stratigraphic convention (Vail et al, 1977; Cantuneau et al. 2009 ) a sequence boundary is placed at the base of the sand wedge ( Figures  4 and 5) . The transgressive systems tracts in S3 and S4 are relatively thick successions of low energy open shelf and deep water facies (F9, F1-4). The maximum flooding surface is placed at the surface that marks the furthest landward position of the deeper water low energy facies.
The early highstand system tracts of S3 and S4 are characterized by strongly prograding successions of middle shelf facies (F3,F4) that grade upward into a broad aggradational coralrudist boundstone rimmed margins (F6, F7, F8). During the S3 and S4 highstands there was sufficient accommodation to develop a broad aggradational shelf interior dominated by carbonate facies. 
SEqUENCE: S5
The S5 lowstand sand wedge is significantly thicker than the lowstand wedge of S4 indicating increased lowstand shelf margin bypass during S5. The sequence boundary is placed at the base of the wedge. During the ensuing transgression a beautiful cross bedded oolitic grainstone belt (F5) develops on top of the sand wedge. The grainstone belt onlaps the coral-rudist boundstone margin of sequence IV. The geometric facies relationship observed at this surface is an example of a downward shift in coastal onlap.
The early highstand system tract of S5 contains a thin progradational belt of middle shelf facies (F3, F4) that quickly evolves to the narrow progradational coral-rudist boundstone rimmed margin (F6, F7). The thin siliciclasticrich shelf interior of S5 reflects a decrease in accommodation from the highstands of S3 and S4 to the ensuing S5.
DISCUSSION
The measured sections were used in conjunction with the aerial photopans to determine facies belt dimensions for the lowstand sand wedges, the forereef, reef margins, and shelf interiors ( Table 2 ). The lowstand sand wedge of S4 is significantly thinner and laps out farther downdip relative to the shelf margin facies compared to the S5 wedge ( Figure 5 ). The fore reef slope of S3 and S4 have similar dimension, and the S5 fore reef slope is considerable less expansive and thinner. The S3 and S4 reef margins have similar dimensions while the S5 reef margin is narrower and slightly thicker. The shelf interiors of S3 and S4 are significantly thicker and more expansive compared to the thin narrow interior of S5. The difference in dimension and facies association between the lower 2, mostly aggrading sequences, and the uppermost sequence is interpreted as being the result of a regional decrease of accommodation that not only limited the space available to build vertically aggrading robust shelf margin buildups, but also brought more siliciclastics onto the carbonate shelf resulting in sand rich shelf interior and thicker slope and basin sand accumulation during the LST. The increasing influx of siliciclastics also probably prevented the full development of the reef margin buildups.
The best evidence for measurable downward shift in coastal onlap is the cross bedded ooid belt of the early highstand in S5. In modern settings, cross-bedded ooid grainstone belts are found in high-energy shallow water environments with water depths generally less than 5m (Rankey ad Reeder 2011). This welldeveloped ooid belt onlaps the S4 reef margin. The top of the S4 reef margin lies ~15m above the lapout termination of the coastal wedge. This stratal geometry as well as the facies relationship is not possible without shifting the shoreline down towards the basin at the end of S4 deposition.
This outcrop-based facies tract dimensional analysis can be applied as a predictive reference for subsurface exploration in similar time equivalent Cretaceous reservoirs. If lowstand sands are a desirable target, this work has found the thicker lowstand sand wedge associated with the transition from a more aggradational margin trajectory to a strongly to downstepping progradational margin trajectory. Conversely, if prospecting for the thicker shelf interior and margin accumulations the earlier S3 and S4 aggradational margin morphology would be a key feature to look for.
CONCLUSIONS
This field-based analysis of the continuously exposed shelf-to-basin profile of the greenhouse Lower Albian Mural-Caloso Shelf has documented the stratigraphic response of a low-angle reef-rimmed shelf to base-level forcing. The mostly aggradational reef-rimmed shelf margin with a aggradational carbonate shelf interior during S3 and S4 shifted to a strongly progradational reef-rimmed margin with a thin siliciclastic dominated shelf interior associated with a baselevel (eustatic?) fall of a minimum 20-30m. The geometric and facies evolution observed at the Cerro Caloso outcrop are consistent with a long-term second order fall during the deposition of the Lower Albian age Mural-Caloso Shelf. This fall is coeval with less-well-constrained Glen Rose 2nd order fall observed in the Gulf of Mexico margin. This study is one of only a few that can document a minimum estimate of likely eustatic fall associated with a greenhouse 2nd-order sequence. 
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